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ABSTRACT: The effects of biomass energy consumption on the economy, environment and human development remain
a debatable issue, and no consensus on this topic has yet been reached among researchers. Several studies have explored
the economic , environmental and human well-being perspectives of biomass energy usage and have found mixed results.
The current study would like to contribute to the existing literature by examining the impact of biomass energy usage on
human development in Asian nations during the period 1995-2016. Panel cointegration approaches, along with a
Dumitrescu-Hurlin panel causality test, have been performed to assess the long-run causal relationship between biomass
energy use and human development. Our findings suggest that the usage of biomass energy can enhance the human
development in Asian countries and the existence of a bidirectional causal relationship found between these two variables.
These findings may be a recommendation to policymakers to encourage the use of biomass energy.

Keywords: biomass; human development; economic growth; Asian countries.

1. INTRODUCTION

Energy is an essential element of economic and societal
growth, and energy from biomass is an important type of
energy source worldwide. Energy usage contributes to
job formation, agricultural production, industrialization,
transportation and trade growth, resulting in poverty
alleviation and sustainable development of humans.
Energy plays an important role in developing a nation's
economy, as well as affecting human well-being. Modern
health, education , and communication services , for
example, are directly linked to supplying the available
energy. The lack of energy resources causes inadequate
health care, less educational and development
opportunities and a high probability of poverty among the
population [1]. A sufficient amount of energy needs to be
produced for the modernisation process to promote
sustainable development [2].

Industrialization with rapid growth in the economy
and population has led to rising global demand for energy.
Globally, energy consumption increased by around 44%
in the period 1971-2014 [3], and fossil fuels accounted for
about 80% of this [4]. Dependence on fossil fuels has
raised questions regarding insufficient availability,
degradation of the environment and energy security [5,6].
The environmental issues are at the leading edge of those
concerns. The use of fossil energy is considered to be a
major factor in increasing greenhouse gas emissions
which are responsible for climate change and global
warming[7]. Renewable energy use can protect the
environment in order to reach sustainable development
targets, for which it is being replaced by fossil fuels. In
addition to the environmental benefits, the use of
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renewable energy also allows economies to reduce their
reliance on foreign resources and lead to job creation [8].
Renewable energy has the fastest growth rate, with the
result that between 2013 and 2018 it grew three times
faster than fossil fuels [4]. This percentage could increase
to 60 per cent by 2050, according to IRENA estimates [9].
Such types of energy production , for example, can
stimulate economic growth and allow these countries to
achieve higher human development levels [10].

Biomass is the type of energy which accounts for the
largest share of renewable energy. In 2018, bioenergy
contributed 12 per cent of overall energy consumption [4].
The percentage of modern bioenergy in renewable energy
used in 2018 (excluding traditional biomass use) is 50
percent. Researchers are also paying growing attention to
the impacts of biomass as demand increases. Whereas one
research group focused on the correlation between
biomass and economic development [6,11-14], another
group was looking at the environmental effects of biomass
[15-18]. No consensus was reached on the results of this
study. Some studies point out that the use of renewable
energy promotes economic growth and is beneficial for
the climate, and other studies say the opposite. Therefore
it remains a controversial question of whether biomass
should be used more or less.

This research aims at contributing to the existing
literature by exploring the impact of biomass energy use
on human well-being. Human development, based on the
united Nations Development Plan (UNDP), refers to the
widening of human opportunities and choices. While the
per capita Gross Domestic Product (GDP) is also used in
calculating human development for a long time, but
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economic indicators (such as GDP) do not represent the
overall well-being of humans [19]. After its introduction
in 1990 by UNDP, the Human Development Index ( HDI)
has gradually replaced GDP as the primary predictor in
the assessing human development. Policymakers require
that all three dimensions of sustainable development are
taken into account: economic, environmental and social.
Earlier studies, however, concentrated on the influence of
biomass energy use on ecological and economic growth,
and neglected to explore the effects on human
development. Investigating the connection between the
use of biomass energy and human development would
provide a detailed overview of the impacts of the use of
biomass energy on human development to policy makers.

In recent years, biomass has seen rising uptake in
developing Asia where there is a shortage of access to
electricity for a large population [20]. Ninety four per cent
of the population in developing Asia had access to
electricity in 2018. For specific countries. the rates hit 95
percent in India and Indonesia, and 85 percent in
Bangladesh (up from just 47 % in 2010). Even so,
significant numbers of people, mostly in rural and remote
developing Asia, still lacked access to electricity in 2018,
including 73.7 million in India (5 % of the population),
46.3 million in Pakistan (23 %), 30.6 million in Myanmar
(57 %) and 25.1 million in Bangladesh (15 %). Biogas
was used by an estimated 125 million people worldwide
for cooking in 2018, most of them in Asia including 111
million in China and 9 million in India. In these
circumstances, Asian countries are the ideal case for
investigating whether or not the use of biomass energy is
affects human development in this region [4,21].

This study contributes to the current field of
literature in several respects. The most important use of
energy worldwide is attributable to human activities. This
particular area of study is yet to be explored. But
quantifying the link between energy consumption and
HDI may be necessary. Understanding the importance of
biomass energy consumption to human development
motivates us to examine the relation between biomass
energy consumption , economic growth and human
development to assess whether or not biomass energy
consumption affects the human development in Asian
nations. Thus, the innovative input of this study is to
explore the relationship between biomass energy use,
economic growth and human development incorporating
trade ratio, industrialization for Asian nations.

The rest of this paper is organized as follows:
Section 2 describes the methodological approaches used,
Section 3 describes the results, while Section 4 outlines
the conclusions and policy implications of the findings,
and addresses possible complementary steps.

2. METHODOLOGY

Econometric techniques are applied to verify whether a
causal relationship exists between biomass energy
consumption and human well-being The methodology
consists of the following steps: 1) Panel root unit tests are
used to check the stationary assumptions of the variables
selected. 2) After confirming the non-stationarity of these
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variables, the appropriate methods of panel cointegration
used to test whether or not there is a cointegrating relation.
3) Ensuring the cointegration among variables,
parameters are estimated through the fully modified
ordinary least square (FMOLS) techniques. 4) Lastly,
Dumitrescu-Hurlin [22] panel causality test is used to
identify one-to-one causal relationships.

2.1 Econometric model

Based on the previous research [23,24], the following
empirical model used to examine the relationship between
biomass energy consumption and human development
incorporating economic growth, industrialization, foreign
direct investment and trade openness as control variables:

HDI;, = f (BIO;,GDR,, IND;, FDI;;,TRO, ) (1)

In equation (1), HDI represents to the human development
index, BIO refers to biomass energy consumption, GDP
denotes the economic growth, IND indicates the
industrialization, FDI refers to foreign direct investment,
while TRO is trade openness.

The single multivariate structure is considered to
explore the relationship among variables of interest. At
the same time, we also transform variables to natural
logarithms form to reduce variation and smooth the data
[25]. This conversion also enables to reduce the problems
of autocorrelation and heteroscedasticity and deliver more
trustworthy and consistent findings than simple linear
form [26]. Our empirical model can express in log-linear
form as shown in equation (2)

InHDIy, =7, + BINBIO, +17, INGDP, +1, In IND;
+73 INFDI; + 7, INTRO;, + & 2)

Where i represents the number of nations (froml to 13), t
refers to the time (1995 to 2016). 7, is the

intercept/constant term. The coefficients of biomass
energy consumption, economic growth, industrialization,
foreign direct investment and trade openness are denoted

by B, 7,7, Ty and 7, , respectively. &, represents

the random error term affecting the human development
index. Our attention is on the coefficient B which
measures the partial effect of biomass energy usage on the
human development index.

2.2 Panel unit root test
The traditional ordinary least square approach is not
suitable for unit root variables due to spurious regression
[27], allowing invalid statistical inferences. In this
situation, it is important to find the degree of integration
for each variable in equation (1). There are a number of
panel unit root tests used by researchers [28-31] for
identifying the stationarity of variables.

Two types of panel unit root tests, LLC and IPS, are
used for examining the unit root [28]. The simple form of
the LLC test for estimation is presented at equation (3):
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A(HDI), =Wy, +p(HDI) + D @A(HDI) +5 ()
=L

Where A used as an operator of the first difference, wit
refers to the fixed-effects and varying time trends, and k
is the lag order. The null hypothesis state that all series are

non-stationary (Ho: p = 0 V1) versus the alternative that
all variables are stationary (Hi: p<0 V1). However, LLC

assumes pi=p V1, i.e., homogenous p for all i. Violation
of the above assumptions makes the accuracy of the LLC
test ineffective [30]. To overcome this problem, Im et al.
(2003) suggested a unit root test (hereafter IPS), allowing
p to vary overall i. The IPS model is shown in equation

(4):

A(HDI), = i1;/i+pi(HDl)M+Z¢>iJ.A(HD|)iH+giI 4)
j=1
The null hypothesis (Ho: pi = 0) denotes that every
variable in the panel has a unit root versus the alternative
(Hi: pi< 0), which implies that at least one variable is
stationary in the panel.

2.3 Panel cointegration test

If a unit root is in the series, a cointegration test can be
used to examine the long-run causal relationship among
the variables. There are some panel cointegration testing
procedures, including Pedroni (2000; 1999), Kao (1999),
Maddala and Wu (1999), and Westerlund (2007). In the
current study, Pedroni and Kao’s methods have been
employed. Based on cointegration regression residuals
from Engel and Granger (1987), Pedroni suggested seven
different statistics, which include the panel ADF-statistic
(Zaoe), panel PP statistic (Zep), panel rho-statistic (Z,),

panel-v statistic (Z.), group ADF statistic (Z o), and
group PP statistic (ZPP) , group rho statistic (Zp) .

Among seven tests, four belong to within dimension, and
the other three are considered as between dimension tests.
Within the dimension, tests are further extended to
weighted and unweighted statistics. The above statistics
are calculated based on the mean of the individual
autoregressive coefficients related to the unit root tests of
the residuals for all cross-sectional units. The long-run
model for estimating the residuals for the above test are
presented as shown in equation (5)

YitZﬂiJrTitJrZ?/jixjn 3)
=

where, i = 1,2,..N; t=12..,Tand j =
1,2,....m represent the cross-sectional units, number of
cases and number of predictors, respectively. The
estimated residuals structure can be represented, as shown
in equation (6):

+ &

iy = Pigig T Uy (4)
All seven tests indicate that there is no cointegration (Ho:
pi=1V1) against the alternative (H1: pi < 1) indicates the

existence of cointegration. Taking into account the
homogeneous slope coefficients in equation ( 5), the Kao
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test is also constructed in the same way as the Pedroni
tests, not allowing for differing all over the individual
panel members.

2.4 Panel FMOLS estimates

The long-run coefficient of relationship can be estimated
when the variables are verified in the panel data set as
being cointegrated. The ordinary least squares ( OLS)
method is not appropriate for estimating the long-run
coefficients when the variables are
cointegrated.Nonetheless, fully modified ordinary least
squares (FMOLS) methods are appropriate in these cases.
The long-run coefficients in equation (1) are estimated
applying the group means fully modified OLS (FMOLS)
estimators developed by Pedroni [33,37]. The group-
means FMOLS is known as a non-parametric approach
and this technique consider serial correlation and
endogeneity. In this study, therefore, we applied FMOLS
methods for the estimation of long-run co-efficient
applying the following equation for cointegrated panel
data:

Y, =0, +0X, +¢&, (5)
Where X and Y have a long-run association. Pedroni [37]
proposes an additional equation, which includes lagged
differences as an independent variable to control for the
endogenous response effect, as shown in Equation (8):
ki
Y= +6X; + z YaAXKi o + &y (6)

k=—k;

Pedroni defines 77, = (£,,AX,) and long-run

T T
covariance @, = !I_EE E T(Z nit](z nit)
t=1 t=1

The decomposition of this covariance matrix can be

!

0
presented as @, =@, + @, + @, , where, (oio denotes

contemporaneous covariance and @ represents the

weighted sum of autocovariance. Hence, the estimator of
panel FMOLS is presented, as shown in equation (9)
below:

s;MOLs-;i{[i(xnXi>2]1[:1<xnXi)Y“*”ﬂ‘ﬂ ©

i=1 t=1

where, Y =Y — Y_u - (ﬁz,l,i 152, )Axit and

Vi =y + ﬁg,n - (ﬁz,l,i /ﬁz,z,i)(d)z,z,i + ﬁz,z,i)

2.5 Dumitrescu and Hurlin panel causality test

Using the Dumitrescu and Hurlin [31] panel causality test,
additional information can be gathered to help policy
makers by analyzing the causal relationship between
interest variables. This approach is appropriate in order to
address the problem of heterogeneity and cross-sectional
dependency [38,39] and also to deal with both situations
where N < T and N > T as well as the unbalanced panel
[40]. The following model has been used in this study to
determine the causal relationship between the variable X
and Y:
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K K
Y=o+ zé‘i(k)Yi,t—k + ZVi(k)Xi,t-k ey (1)
P} P}

Where ¢; represents concept/intercept term, K denotes

lag length, 5i(k) is a lag parameter
o @2

— (
Vi = (7/i Vi
Cross-section unit differences are represented by

0 ),while 7 is slope coefficient.
5! and

1
}/ik . Assuming no causal relationship in the panel known

as a null hypothesis against the causal relationship exists
in at least one cross-section unit as an alternative
hypothesis. The Wald statistic for all panel is measured by
taking the average of all the individual Wald statistic for
every cross-section:

1 N

h

WN,nTc = _ZWi,T
N i

Where W, ; represents the individual Wald statistic

(8)

values for each cross-section.

In the case of T > N, the average statistic Wh:‘”Tc is

suggested by Dumitrescu and Hurlin [22] as shown in
equation (12):

2.6 Data Sources

Twenty-two years of annual data from 1995 to 2016 are
collected for biomass energy consumption, human
development index, per capita GDP, foreign direct
investment, industrialization and trade openness in
thirteen selected Asian nations. The human development
index is measured from the database of UNDP [41],
whereas data on biomass energy consumption is gathered
from the Global Material Flows Database [42]. The
remaining variables, such as GDP, foreign direct
investment, trade openness, and industrialization, are
derived from World Development Indicators [43].
Economic growth is measured as per capita GDP (in
constant 2010 US Dollar); biomass energy consumption
is calculated as tons per capita; the trade openness is
considered as the ratio of total exports and imports to GDP
(i.e., as % of GDP); and industrialization is measured as
the percentage of the value-added of the industry in GDP.
Balanced panel data with N * T = 286 observations where
N=13 and T=22 are considered in this study.

3. RESULTS AND DISCUSSION

In this section the findings for the entire sample are
discussed. Testing whether the data is unit-roots or non-
stationary is essential as a precondition for testing

hne N hn cointegration. In this analysis the techniques of the LLC
ZN,T = R(\NN T K) 9) (Levin, Lin, Chu) and IPS (I m, Pesaran, Shin) were used
to determine the existence of unit roots in the series. Table
1 provides a description of those two test findings.
Table 1. Panel unit root tests.
Variable LLC . IPS .
Level Ist difference Level Ist difference
InHDI 0.96 [0.83] -3.12""[0.00] -0.4410.33] -6.84™"[0.00]
InBIO 5.22 [1.00] -12.83" [0.00] -0.290.38] -15.19""[0.00]
InGDP 19.51 [1.00] -2.177°[0.01] 5.61 [1.00] -7.52°7[0.00]
InNIND -1.537[0.06] -14.42"[0.00] 0.05 [0.52] -11.83" [0.00]
INTRO -0.07 [0.47] -13.43" [0.00] -0.16 [0.44] -10.96™"[0.00]
InFDI -3.84" [0.00] -18.83" [0.00] -5.98" [0.00] -14.43™" [0.00]

[] indicates p-value;

From both tests it is clear that the hypothesis is not
rejected at level, but the hypothesis is rejected at 1 % level
at the first difference. Therefore, based on the LLC and
IPS tests, all six variables seem to be | (1). Hence, all
variables in equation ( 1) are unit root properties and the
process is | (1).

Table 2. The hypothesis of no cointegration in the panel
is rejected at 5% level based on the results in Table 2,

Significant at ("10% " 5%, ™ 1% ) level.

Panel cointegration techniques are used to measure the
long-run relationship among the variables in equation ( 1),
as panel series are non-stationary in this analysis. A
number of test results, containing Panel PP statistic, group
PP statistic, Panel ADF statistic, group ADF statistic and
Kao attributable to Pedroni [32] and Kao [34], are
displayed in

supporting a long-run relationship exists among the
studied variables.

Table 2. Panel cointegration tests.

Test Statistics P-value
Panel PP statistic -1.990** 0.0232
Panel PP statistic (Weighted) -2.292** 0.0110
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Group PP statistic
Panel ADF statistic
Panel ADF statistic (Weighted)
Group ADF statistic
Kao test statistic

-3.254*** 0.0006

-1.564* 0.0711
-2.167** 0.0151
-2.062** 0.0196
-3.609*** 0.0002

Significance level (10% ™ 5%, * 1%) for rejecting the null hypothesis of no cointegration.

The next step is to determine long-run coefficients in
equation ( 1), based on the long-run relationship found
among the studied variables. A  novel statistical
estimation technique such as the group-means fully
modified ordinary least squares (FMOLS) have been

applied to estimate long-run co-efficient assuming no
trend. The estimated coefficients, standard errors, and p-
values of the predictor variables are detailed in Table 3,
where the regressed variable is the human development
index (InHDI).

Table 3. FMOLS estimation of long-run coefficient

Variables Co-efficients Standard error p-value
InBIO 0.098 0.035 0.0062
INGDP 0.076 0.013 0.0000
InIND -0.360 0.027 0.0000
INTRO 0.024 0.014 0.0893
InFDI 0.007 0.003 0.0113

Significant at ("10% ™ 5%, ™ 1% ) level.

The effect of biomass energy consumption on human
development (5) is of primary interest. Empirical
evidence indicates that the biomass energy usage has a
positive and statistically significant effect on human
development at the 1 % level. Keeping other things
remain constant, a 1 % rise in the use of biomass energy
would increase human development by 0.098% in the
Asian nations supporting the findings of Wang et al. [23].
Biomass energy production and consumption may cause
biodiversity loss, deforestation, resource depletion, and
food insecurity. In addition, traditional forms of biomass
usage, such as wood and waste, can harm health and the
environment. The advantage of biomass energy, however,
is to help meet energy demand of human in cooking ,
heating, producing electricity and transport. The biomass
energy industry also assists rural workers with job
opportunities and income growth. Additionally ,
economic growth may also be the cause of the transition
from traditional to modern biomass energy (such as
biofuel and biogas). Compared to fossil fuels these
sources of biomass energy are considered cleaner and
more environmentally friendly. This is perhaps the reason
why the use of biomass energy improves human
development in Asian nations. This observation and the

implications of research conducted by Wang et al. [44],
Shahbaz et al. [14] and Danish and Wang [16] shows that
the use of biomass energy leads not only to economic
growth, to the protection of the environment but also
stimulate human development in Asia. With this result,
policymakers can consider the use of biomass energy as
one of the instruments for achieving sustainable
development.

After measuring the long-run coefficients, we used
the technique of Dumitrescu and Hurlin [22] to evaluate
the causal relationship between variables taken in this
study.The results of the Dumitrescu-Hurlin heterogeneous
panel causality test are presented in Table 4. These results
reveal the presence of bidirectional causality between
human development and biomass energy usage.
Considering the findings of long-run co-efficient
estimates in Table 4, this result helps the policymakers to
suggest in using biomass energy to enhance human
development. This test also suggests a two-way
relationship between human development and economic
growth. A similar finding is suggested by Wang et al.
(2020) and Sinha and Sen (2016) in the case of BRIC
countries. These causalities and their directions are
detailed in Fig. 1.

Table 4. Dumitrescu-Hurlin (DH) panel causality tests. p-values are shown in parentheses.

Dependent Independent variable
variable
InHDI InBIO InGDP InIND INTRO InFDI
InHDI - 7.705™" 7.261"" 6.997"" 5.036 4.595
(0.000) (0.000) (0.001) (0.166) (0.337)
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InBIO 5.406" - 5.331" 5.598" 5.689™ 3.529
(0.082) (0.095) (0.054) (0.044) (0.945)
InGDP 52.349™" 9.004™" - 3.962 7.202" 8.730™"
(0.000) (0.000) (0.727) (0.000) (0.000)
InIND 4.525 4.256 9.494™ - 8.907™" 4.988
(0.373) (0.527) (0.000) (0.000) (0.181)
INTRO 9.669™" 8.057"" 7.322" 4.772 - 4.324
(0.000) (0.000) (0.000) (0.259) (0.486)
InFDI 6.396™" 4.418 7.908™" 5.710™ 5.142 -
(0.007) (0.430) (0.000) (0.042) (0.137)
Significant at (" 10% ™ 5%, ™ 1% ) level.
III 1 \\\
," Biomass Energy ‘\
! Consumption  |e—=========>Eent Index " J<-—=======- \
\ .’
\ I
\ ~ I
___________ 1
__________________ II

Trade
Openness

~ -
————————————

Investment

Fig. 1. Graphical long-run panel estimation among all considered variables. Solid arrows demonstrate variable relationships
with human development, while dashed arrows show DH casualities between variables.

4.  CONCLUSIONS

IMPLICATIONS
The panel cointegration approach, along with a
Dumitrescu-Hurlin panel causality test, has been used to
examine the long-run linkage between biomass energy
usage and human development for Asian countries over
the period of 1995-2016. The study reveals the existence
of long-run causality between human development and
biomass energy usage. From empirical research, some
important findings are observed: (i)Biomass energy usage
promotes human development and identifies bidirectional
causality between these two variables; (ii) Economic
growth, trade openness, and foreign direct investment are
significant factors in the promotion of human
development. The use of biomass energy improves the
quality of life of humans, hence policies should be
introduced to increase the proportion of biomass energy
in energy usage. Besides, the use of fossil fuels must be
reduced and partly replaced by the use of biomass energy.
One of the obstacles to increased use of biomass is that its
energy efficiency isn't that high. Governments and

AND POLICY
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companies should invest in R&D and new technologies to
increase the biomass energy efficiency. However,
expansion of the production of biomass energy is
necessary, socio-economic problems such as food
insecurity, loss of biodiversity and deforestation still have
to be addressed when producing biomass on a large scale.
Also, our results reflect that economic growth, along with
trade openness and foreign direct investment is a crucial
factor for human development, while industrialization has
a negative impact on human welfare in the Asian region.
Therefore, policy initiatives are required to accelerate
economic growth, foreign direct investment and trade
liberalization for human development.

Finally, notwithstanding the important results
acknowledged in this paper, there are some limits, worthy
of exploration in future research. This study can be
conducted for other case studies. Also, more informal
measures, for example, interviews and household level
investigation, can offer a robust additional finding. The
effect of biomass energy use on human welfare in the
context of advanced nations or other regions will support

6



policymakers with a comprehensive policy guideline
regarding the impact of biomass energy usage. Besides,
we emphasize investigating the impact of biomass energy
use on human development, ignoring the specific forms of
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